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The measure by which the capability of a nondestructive testing (NDT) 
inspector can be assessed is based upon the proficiency by which that 
particular individual can perform an evaluation of a given set of test 
specimens in a reasonable length of time with a good probability of 
detection at a high confidence level. This criteria is governed by 
parameters based upon the training and experience of the technician, as well 
as the technical orders and procedures under which he/she must perform 
inspections. This is the philosophy which governed the NDT proficiency 
program discussed in this paper. The proficiency test was administered by 
the Nondestructive Testing laboratory at the San Antonio Air Logistics 
Center (SA-ALC), Kelly AFB, Texas. The subjects were NDT technicians of the 
Structural Assessment Testing (SAT) Facility located in the Engine Division 
of the SA-ALC. 
The purpose of this program was to test the proficiency of NDT 
technicians in the inspection of F-100 stage 2 compressor blades, utilizing 
the ultrasonic method. The evaluation results can be used to establish 
general training program requirements and also to estimate the NDT 
capability of the individual inspector. Areas of deficient capability can be 
identified and corrected. 
METHODOLOGY 
Test Specimen Evaluation 
The test specimens consisted of both flawed (artificially-induced 
fatigue cracks) and good F-100 stage 2 compressor blades. All of the 
participating technicians were experienced and routinely perform these blade 
inspections. The individual NDT technician was given both written and 
verbal instruction on how the proficiency evaluation was to be administered. 
The inspectors were to perform an A-scan ultrasonic inspection using a 
surface wave technique in accordance with Technical Order (T.O.) 2J-F100-9. 
The inspection methodology is similar to what the inspectors normally use in 
a production environment. It is noted at this point that the T.O. calls for 
the ultrasonic instrument calibration to be performed on a test block with a 
.050" E10x slot and that the amplitude of the instrument on this flaw is set 
to 50%. The technician was to hold suspect signals above this limit, but 
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reject any blade with a 75% amplitude or greater. Each technician was given 
sufficient time to complete the test. 
Proficiency Evaluation 
The evaluation was separated into two phases. Phase I involved 24 
inspectors evaluating a 150 blade test set. The test set consisted of 112 
flawed blades with artificially-induced fatigue cracks ranging in length 
from .006" to .173" (Fig. 1), and 38 unf1awed or "good" blades. Both the 
flawed and good blades were combined to provide the technician with a 
realistic random selection. The individual technician was given an eight 
hour work period to complete the inspection of the test set. The inspectors 
were not permitted any outside assistance. 
A Phase I data subset consisting of 94 specimens was also evaluated 
because of the limitation placed by the minimum flaw size in the test blades 
imposed by the inspection technique of the technical order. This subset 
consisted of 56 flawed specimens ranging from .050" to .173" (Fig. 2) and 
the data from the original 38 good blades. 
In Phase II, 11 inspectors from Phase I were retested on a 50 blade 
test set. The set consisted of 12 specimens with flaws ranging in size from 
.050" to .084" (Fig. 3) and 38 good blades. The inspectors were allowed a 
four hour period in which to evaluate the test set. Again, no outside 
assistance was permitted. 
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DATA DEVELOPMENT 
Data Obtained 
The pertinent data obtained from the technician evaluations of the 
Phase I and Phase II test sets were false calls (FC), FC percentage, finds, 
and probability of detection (POD) percentage (Tables I and 2). 
A false call occurs when a good blade is incorrectly marked as flawed. 
The FC percentage is the number of false calls divided by the total number 
of good blades evaluated expressed as a percentage. Finds are when flawed 
specimens are correctly marked as flawed. Probability of detection 
percentage is obtained from the number of finds divided by the total number 
of flawed specimens in the test set and is expressed as a percentage. Other 
data utilized are the number of flawed specimens missed and the number of 
good blades which were correctly determined to be unflawed. 
Data Analysis 
Two different types of analyses were performed on data obtained from 
Phase I, the Phase I subset and Phase II. One analytical method relates 
finds, false calls, unflawed specimens correctly marked as unflawed, and 
flaws missed. This analysis methodology, obtained from the Lockheed-
Georgia Company, relates the preceding four parameters into a two-by-two 
decision matrix (Fig. 4). A second matrix (Fig. 5), based on the data 
obtained from the technicians test set evaluation, is developed to show what 
could occur by chance. The four combinations derived from the individual 
technicians performance area entered into the test matrix (Fig. 6). A 
comparison of the test matrix with the chance/random matrix is performed by 
a chi-square determination as shown in Figure 7. If there is any difference 
between the two, then the performance is unlike chance. Conversely, no 
difference between the two could indicate performance attributed to chance. 
One further step is taken to derive an index of performance. The chi-square 
value is normalized to the test size (number of decisions) and the square 
root is calculated. The resulting value is the performance index or 
coefficient of contingency (C of C). The higher the C of C, the better the 
capability or performance of an individual inspector for a given test set. 
The second analytical method related POD percentage to FC percentage in 
what is termed a relative operating characteristic (ROC) curve. The ROC 
curve is important in determining the ability of individual technicians to 
inspect test specimens. Their probability of flaw detection is demonstrated 
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Table 1. Selected data from Phase I and Phase I subset evaluations 
TECH. Finds POD% FINDS POD% 
NO. FC FC% (150 set) (Finds/112) (94 set) (Finds/56) 
01 0 0 61 54 48 86 
02 4 11 74 66 51 91 
03 3 8 79 70 53 95 
04 6 16 81 72 53 95 
05 2 5 78 70 53 95 
06 11 29 81 72 51 91 
07 29 76 101 90 51 91 
08 15 39 97 87 56 100 
09 29 76 109 97 52 93 
10 2 5 72 64 51 91 
11 8 21 75 67 54 96 
12 26 68 93 83 48 86 
13 DID NOT COMPLETE EVALUATION 
14 17 45 88 79 52 93 
15 4 11 71 63 51 91 
16 36 95 108 96 54 96 
17 3 8 69 62 51 91 
18 21 55 96 86 55 98 
19 30 79 106 95 55 98 
20 9 24 89 79 53 95 
21 3 8 81 72 53 95 
22 30 79 103 92 52 93 
23 38 100 112 100 56 100 
24 7 18 75 67 52 93 
Table 2. Selected Data from the Phase II Evaluation 
TECH. POD% 
NO. FC FC% Finds (50 set) (Finds/12) 
01 (13) 7 18 10 83 
02 (07) 13 34 4 33 
03 (08) 9 24 9 75 
04 (09) 1 3 10 83 
05 (14) 21 55 9 75 
06 (16) DID NOT ACCOMPLISH EVALUATION 
07 (18) 8 21 11 92 
08 (19) 5 13 11 92 
09 (22) 31 82 12 100 
10 (23) 38 100 12 100 
11 (12) 38 100 11 92 
as well as the reliability of their decision in the form of the FC 
percentage. The POD percentage is plotted along the Y-axis with the false 
call percentage plotted along the X-axis on a X-Y graph. A "chance" line is 
drawn for the probability, that for a given POD percentage, an equally 
corresponding false call percentage is obtained. 
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An example of a ROC graph is shown in Figure 8. The limits by which a 
ROC curve was interpreted were based on the recommendations of experienced 
NDT personnel. A POD percentage minimum of 80% and FC percentage maximum of 
30% defines the limits for a proficient NDT inspector. 
As noted previously, the inspector calibrates and applies his 
inspection criteria to a calibration block which contains a .050" E10x 
notch. However, the Phase I test set contained 112 specimens with flaws of 
various sizes, including 56 specimens with flaws less than .050". The most 
relevant data analysis to be conducted on the Phase I test set would be an 
evaluation of a subset which contains that blade data for the 56 specimens 
with flaws greater than or equal to .050", as well as the information from 
the 38 good blades which were in the test set. The complete Phase I test 
set of 150 specimens, the subset of 94 specimens, and the Phase II test set 
of 50 specimens underwent analyses both where coefficient of contingency (C 
of C) values and relative operating characteristic (ROC) curve data was 
obtained. 
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Fig. 8. Example of relative operating characteristic (ROC) graph 
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RESULTS 
Phase I 
A total of 24 technicians (numbered #1 thru #24) participated in the 
Phase I evaluation. Twenty-three individuals completed the test on the 150 
blade test set. One inspector (#13) failed to complete the evaluation. The 
C of C data for the Phase I evaluation are presented in Table 3. 
A C of C distribution in the form of a histogram is presented for the 
23 inspectors which completed the Phase I evaluation (Fig. 9). The 
performance ranking of the C of C participants is presented in Figure 10. 
The histogram distribution indicates that a majority of the individuals 
performed relatively well ranging between 4.0 and 6.0. Conversely, ten 
individuals had C of C results less than 4.0. The average C of C value for 
the Phase I group is 3.7 which indicates a difficulty which is not well 
matched to the overall group performance. The performance ranking in 
Figure 10, as plotted, shows some linearity in the distribution of the 
individual inspectors. The ROC curve for the Phase I data is presented in 
Figure 11. Note that nine individuals had a FC percentage of 80% or 
greater. However, all nine of these individuals had a FC percentage 
exceeding 30%. Applying the accept/reject criteria of a POD percentage that 
is 80% or greater, and a FC percentage that is 30% or less, none of the 23 
individuals who completed the Phase I evaluation demonstrated the required 
NDT proficiency. 
Table 3. C of C ranking for 23 inspectors completing the Phase I evaluation 
RANK C of C % FINDS FC 
01 (21) 5.6 72.3 03 
02 (05) 5.6 69.6 02 
03 (03) 5.5 70.5 03 
04 (20) 5.1 79.5 09 
06 (04) 5.0 72.3 06 
07 (01) 4.8 54.5 0 
08 (08) 4.7 86.6 15 
09 (02) 4.7 65.5 04 
10 (17) 4.7 61.6 03 
11 (15) 4.6 63.4 04 
12 (24) 4.1 66.4 07 
13 (11) 4.0 67.0 08 
14 (06) 3.9 72.3 11 
15 (09) 3.4 97.3 29 
16 (18) 3.2 85.7 21 
17 (14) 3.2 78.6 17 
18 (19) 2.3 94.6 30 
19 (22) 1.8 92.0 30 
20 (07) 1.8 90.2 29 
21 (12) 1.6 83.0 26 
22 (16) 0.4 96.4 36 
23 (23) 0 100 38 
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Fig. 11. ROC curve for Phase I data analysis 
Phase I Subset 
An noted previously, the NDT technician was to follow the inspection 
technique set out in the applicable technical order, T. O. 2J-FIOO-9. This 
involved calibrating the instrument on an ultrasonic test block which 
contained a .050" Elox notch. The technician was to set the amplitude on 
this ultrasonic instrument to a 50% limit when calibrating on the .050" Elox 
notch. Any indication above a 75% amplitude limit resulted in the blade 
being considered a reject. This subset consists of the data relating to the 
56 flawed test specimens which had flaws greater or equal to .050" from the 
Phase I test set. The data from the 38 good blades were also included to 
form a subset of 94 test specimens. The C of C data for this Phase I subset 
are shown in Table 4. 
In Figure 12, a histogram shows the distribution of the C of C data and 
their occurrence. The plot for the performance ranking of the C of C data 
is shown in Figure 13. Note that the highest C of C is 8.9 and the lowest 
is O. The median C of C is 5.84 which shows that the difficulty of the 
evaluation is well matched to overall group performance capabilities. The 
ROC curve (Fig. 14) is of paramount interest with regard to the entire Phase 
I evaluation. All 23 individual technicians had POD percentage scores 
greater than 80%. However, note that ten inspectors has a 30% or greater FC 
percentage. One inspector called a flaw in each of the specimens of the 
subset. He had a 100% POD percentage coupled with a 100% FC percentage. 
Thirteen individuals fell within the acceptable limits which define a 
proficient NDT technician. A majority of the 13 achieved a 90% or greater 
POD percentage line and fell primarily into two clusters on the 10% and 20% 
FC percentage. Ten of the twenty-three inspectors failed to achieve the 
limits for a proficient inspector. 
Table 4. C of C ranking from Phase I subset data analysis 
RANK C of C % FINDS FC 
01 (05) 8.9 94.6 2 
02 (03) 8.7 94.6 3 
03 (21) 8.7 94.6 3 
04 (10) 8.5 91.1 2 
05 (01) 8.4 85.7 0 
06 (17) 8.3 91.1 3 
07 (04) 8.0 94.6 6 
08 (02) 8.0 91.1 4 
09 (15) 8.0 91.1 4 
10 (11) 7.8 96.4 8 
11 (24) 7.6 92.9 7 
12 (20) 7.3 94.6 9 
13 (08) 6.9 100 15 
14 (06) 6.4 91.1 11 
15 (18) 5.4 98.2 21 
16 (14) 5.3 92.9 17 
17 (19) 3.2 98.2 30 
18 (09) 2.4 92.9 29 
19 (12) 2.1 85.7 26 
20 (22) 2.0 92.9 30 
21 (07) 2.0 91.1 29 
22 (16) 0.4 96.4 36 
23 (23) 0.0 100 38 
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Phase III 
The ten technicians who did not achieve an acceptable proficiency 
rating from the Phase I subset evaluation, along with the individual who 
failed to complete the Phase I test, were retested with a modified specimen 
test set. The Phase II test set, as mentioned earlier, consisted of 50 test 
blades. Twelve of the 50 specimens have flaws ranging from .050" to .084" 
and the remaining 38 specimens consisted of unflawed or "good" blades. Ten 
of the eleven inspectors accomplished the Phase II evaluation. One 
inspector (#16) did not. The C of C data are presented in Table 5. 
A histogram (Fig. 15) shows the distribution of values for the C of C 
and their occurrence among the Phase II participants. The performance 
ranking for the C of C values is shown in Figure 16, the distribution is 
linear. The highest C of C value is 8.3 with 4 out of 10 individuals having 
a score of zero. The median C of C value is 3.62 which indicates that the 
test difficulty is relatively well matched to overall performance 
capabilities. In Figure 17 the ROC curve for Phase II is shown. Of the ten 
individuals who completed the Phase II evaluation, four fell within the 
region bounded by the acceptable limits (80% POD percentage min. and 30% FC 
percentage max.). Six failed to achieve the limits required of a proficient 
NDT inspector. 
Table 5. C of C ranking for 10 inspectors completing the Phase II 
evaluation 
RANK C of C % FINDS FC 
01 (09) 8.3 83.3 03 
02 (19) 7.2 91. 7 04 
03 (18) 6.2 91. 7 05 
04 (13) 5.9 83.3 04 
05 (08) 4.6 75.0 04 
06 (22) 2.3 100 10 
07 (14) 1.7 75.0 07 
08 (07) 0 33.3 04 
09 (12) 0 91. 7 12 
10 (23) 0 100 12 
5 
4 
z 
i3 I--
... ;:: 
'" ~ 
'" ~2 
'" ; 
.. 
~ 
2.0 4.0 6.0 B.O 10.0 12~0 
COEFFICIENT OF CONTINGENCY 
Fig. 15. Histogram showing C of C data distribution for Phase II analysis 
1787 
8 
6 • 
• 
4 
• 
• 
6 RA~KIN, 8 10 12 
Fig . 16. Performance (C of C) ranking for Phase II inspectors 
~ 10 
~ 60 
; 50 
o 
~ 40 
~ 30 
"'it 
20 
10 
." 
" 
.,' 
" ' " 
tHANtE LI NE 
10 20 30 40 50 60 10 80 90 100 
FALSE CALL ~ 
Fig . 17. ROC curve for Phase II data analysis 
SUMMARY 
The following key points emerged from this proficiency evaluation 
program : 
1788 
a. A majority of the individuals who did not perform well on the Phase 
I subset analysis, were subsequently shown to do poorly on the 
Phase II retest (Table 6) . 
b. Technician proficiency can be evaluated accurately with a high 
degree of confidence at SA-ALC by using two analytical 
methodologies, C of C values and, to a greater extent, the ROC 
curves. 
c. Individual inspection capability can be assessed from the range of 
performance demonstrated and individual baselines established. 
d . For the range of flaw sizes in the Phase I, phase I subset, and 
Phase II evaluations, technician performance appears to be less 
dependent on detection criteria than on individual detection 
capability. 
e . The FC percentage data from the C of C values and ROC curves 
appears to be a deciding factor in eliminating a number of 
individuals from the acceptable proficiency limits regardless of 
the high POD percentage an individual might have obtained. 
Table 6. Distribution of personnel for the Phase I subset and Phase II 
% Probability 
of Detection 
80-100 
60-80 
<=60 
% False Calls 
<-30 
30-40 
40-50 
50-60 
60-70 
70-100 
<=30 
30-40 
40-50 
50-60 
60-70 
70-100 
<=30 
30-40 
Totals 
Distribution of Personnel 
Phase I Subset Phase II 
13 4 
1 
1 
1 
1 
6 3 
1 
1 
1 
23 10 
f. The information obtained from this evaluation was used by 
management organizations to identify those personnel in need of 
additional NDT training. 
RECOMMENDATIONS 
Recommendations are as follows: 
a. The No'ndestructive Testing Laboratory at SA-ALC should continue and 
expand its in-house capability to conduct proficiency evaluations 
on NDT personnel at Kelly AFB. 
b. A mechanism be established for the retraining of individuals who 
have demonstrated a repeated lack of proficiency in a particular 
NDT skill. 
c. A centralized databank be established where NDT proficiency 
evaluation information from all Air Force organizations can be made 
available for analysis and research. 
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